Alcohol causes significant sleep disturbance but the causes are not well understood. We investigated the relationship between alcohol use and periodic limb movements in a large population of patients at a sleep disorders center. The likelihood of having a clinically significant number of periodic leg movements (more than 20 per hour of sleep) was increased 3-fold in women who consumed two or more alcoholic drinks per day compared with those who did not (25% versus 8%). A similar relation was found among men (22% versus 13%). In addition, women who consumed two or more drinks per day were more likely to report symptoms of restless legs and to be diagnosed with restless legs syndrome. These findings suggest that periodic leg movements contribute to sleep disturbance in a significant proportion of alcohol users. Alcohol use may increase the frequency of periodic leg movements in susceptible individuals. On the other hand, subjects with symptoms related to periodic leg movements may be using alcohol to relieve symptoms, or the movements may be secondary to alcohol-induced sleep disturbance.
movements, ranging from slight dorsiflexion of the great toe to vigorous kicks with dorsiflexion at the ankle, extension at the knee, and flexion at the hip may produce no alteration of EEG sleep patterns, a brief arousal, or a full awakening. They usually occur as a series of movements every 20 to 30 sec, lasting for a few minutes or for an hour or more. Vigorous movements often disrupt the sleep of the bed partner as well.
Although the cause of PLMs is not known, they are thought to be the result of disinhibition of a central pacemaker regulating reticular Certain predisposing factors are recognized including renal failure. iron deficiency, anemia, and pregnancy. PLMs occur in up to 90% of patients with the restless legs syndrome, a disorder associated with uncomfortable leg sensations that are difficult to describe, worse at night, and that are associated with an almost irresistible urge to move the legs. In addition, some diseases of the CNS, such as Parkinson's disease, are associated with PLMs, presumably as a result of toxic or degenerative effects on the brain.l2.I3
Although PLMs are common, there have been few investigations of their relationship to alcohol use. In four subjects with PLMs, Scrima et al.I4 found a reduction in the arousals associated with PLMs but little effect on the overall frequency of the leg movements after an evening dose of alcohol. Many studies of the effects of alcohol on sleep have not included leg movement monitors. We therefore reviewed clinical and polysomnographic data relating to PLMs and alcohol use in a large consecutive series of patients seen at a sleep disorders center.
METHODS
The study population consisted of consecutive adults age 19 years or older who underwent clinical evaluation at the University of Michigan Sleep Disorders Center between 1987 and 1991. For this study, we included all patients who had completed a detailed questionnaire assessing sleep habits and related information and who were monitored for at least one night of baseline polysomnography. The questionnaire is a modified I8 I-item version of the Sleep Questionnaire and Assessment of Wakefulness (SQAW).I5
Polysomnographic monitoring was performed by experienced polysomnographic technologists using standard techniques for assessment of clinical sleep disorders."-" EEG (C3. C4. 01. 0 2 by International 10-20 system). chin electromyogram (EMG), and electrooculogram were monitored continuously using standard polysomnographic techniques. l6 Mercury strain gauges on chest and abdomen were used to monitor respiratory effort, and thermistors at the nose and mouth were used to monitor airflow. Leg movements were monitored bilaterally with surface EMG electrodes over the anterior tibialis muscles. Oxygen saturation was monitored by pulse oximetry (Biox 3700. Ohmeda Corporation).
2 I channel polygraphs (Nihon-Kohden Corporation of America, Irvine, CA; Grass Instruments; Quincy, MA). The recordings were scored for sleep stages and respiratory measurements using standard tech-A respiratory disturbance index was calculated as the number of apneas plus hypopneas per hour of sleep. Anterior tibialis EMG activity was scored as a PLM if the activity occurred during sleep, lasted 0.5 to 5 sec, and occurred in a series of at least four movements separated by intervals of more than 5 sec and less than 90 se~.'~.'' A PLM index (PLMI) was calculated as the number of minutes with PLMs divided by the number of hours of sleep.
Based on clinical, questionnaire, and polysomnographic assessment, all subjects were diagnosed according to the International Classification of Sleep Disorders.*' As part of the questionnaire, subjects were asked to describe their average daily weekday and weekend consumption of beer, wine, and mixed drinks. From this data, the average number of drinks per day was computed assuming one drink was equivalent to one beer, one glass of wine, or one mixed drink. Subjects were then divided into two groups: those with average alcohol intake of less than two drinks per day (Group I: abstainers and light to moderate users) and those with average intake of 2 or more drinks per day (Group 11: heavy users). All subjects were free of alcohol during polysomnography.
We compared the two groups with regard to polysomnographic findings, with particular reference to PLMs. and to questionnaire items potentially relating to PLMs. Statistical comparisons were made using analysis of variance, Spearman rank correlations, and xz contingency tables (Statgraphics; STSC, Inc., Rockville, MD).
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RESULTS
The study group consisted of 643 men and 341 women with a mean age of 48 years (range 19 to 8 1). Sleep disorder diagnoses for the subject population are shown in Table  1 ; the most common primary diagnoses were sleep apnea (present in 40% of women and 71% of men), narcolepsy ( 14% of women and 7% of men), and other hypersomnias (8% of women and 2% of men). Five percent of women and men had a primary diagnosis of PLM disorder or restless legs syndrome.
Fourteen percent of the men ( n = 88) and 7% of the women ( n = 24) consumed an average of two or more alcoholic drinks per day. For Group I, those who described their average daily alcohol consumption as 0 to 1.99 drinks per day, mean alcohol use in drinks per day was 0.2 for men and 0. I for women; in those who described average daily alcohol consumption of two or more drinks per day (Group 11), mean alcohol use in drinks per day was 4.0 for men (range 2.0 to 27.0) and 3.6 (range 2.0 to 10.9) for women. Sleep disorder diagnoses and mean age were similar between the two groups (Table 1) .
For men and women, sleep architecture was similar in Groups I and I1 ( Table 2 ). As sleep apnea often produces marked sleep disruption with associated periodic and quasiperiodic arousals and movements that may be diffcult to distinguish from primary periodic limb movements, we also divided patients into those with a primary diagnosis of sleep apnea and those without.
In men and women, PLMs were more frequent in Group I1 (Table 2 , Fig. 1 ). The proportion of men with PLMI greater than 20 was 13% in Group I and 22% in Group I1 ( p = 0.031). Among women, 25% in Group I1 had a PLMI greater than 20 compared with 8% of lightmoderate drinkers ( p = 0.004). The differences were more striking in patients without sleep apnea: 39% of men and 42% of women in Group I1 had a PLMI > 20 compared with 20% of men and 9% of women in Group I ( p = 0.039 for men; p = 0.0004 for women). Seventeen percent of women in Group I1 had a primary diagnosis of PLM disorder or restless legs syndrome compared with 4% of women in Group I (x2 = 6.69; p = 0.010).
For all subjects, there was a weak correlation between self-described alcohol use and PLMI (Spearman rank correlation coefficient = 0.049; p = 0.1 I), but there was little difference in the PLMI between those who consumed less than one drink per day and those who consumed one to two drinks per day. Only 2.6% ( n = 26) of the total subject population consumed more than four alcoholic drinks per day and the mean PLMI in these subjects was less than in the 8.7% ( n = 86) who consumed two to four drinks per day (Fig. 1) .
Based on questionnaire assessment, women in Group I1 were more likely to experience restless legs symptoms (42% versus 23%; F = 4.50, p = 0.035), and women in Group I1 without sleep apnea were more likely to describe kicking leg movements at night (Table 3 ). There were no significant differences in reports of symptoms of nocturnal leg cramps or nocturnal paresthesias for men or for women.
DISCUSSION
We found that a clinically significant frequency of PLMs (more than 20 per hour of sleep) is more likely to occur 
PLM Index (PLMI)
in subjects who drink two or more alcoholic beverages per day than in those who do not. In addition, among women undergoing sleep center evaluation, those who drink two or more drinks per day are more likely than those who drink less to have a primary diagnosis of PLM disorder or restless legs. The findings are based on the subjects' assessments of their own alcohol use; actual alcohol intake may have varied considerably from these self-reports.
There are several possible explanations for this association between drinking behavior and PLMs. First, toxic effects of alcohol on the CNS might be the cause of the association.2' Chronic alcohol use produces a variety of perturbations of brain function, some of which appear to be mediated by effects on the inhibitory neurotransmitter y-aminobutyric acid.21 As reduced inhibition of an intrinsic subcortical pacemaker may be the neurophysiological basis for PLMs," such effects could account for this relationship.
Second, it may be that alcohol use triggers or releases PLMs in susceptible individuals. PLMs can be caused or exacerbated by a number of agents and conditions, including tricyclic antidepressants, caffeine, withdrawal from benzodiazepines, and exposure to cold. Thus, relatively small perturbations of the nervous system may be SUEcient to produce these movements in susceptible persons. The apparent threshold effect of alcohol on PLMs that we observed is consistent with this hypothesis. PLMs are often present in asymptomatic relatives of patients with restless legs syndrome, suggesting that some persons may have an increased tendency to such movements.
Third, subjects with symptoms related to PLMs, such as restless legs, may use alcohol to relieve symptoms. We found that women, but not men, who consumed two or more drinks per day were more likely to report frequent symptoms of restless legs. Alcohol has sleep-inducing effects, and such patients may be using alcohol to promote sleep. However, it may be that alcohol has deleterious effects on the condition, PLMs, for which it is self-prescribed.
Fourth, PLMs may be a consequence of alcohol-induced sleep disturbance rather than a primary cause of sleep disturbance. PLMs occur in a wide variety of conditions causing sleep disturbance, including sleep apnea and narcolepsy. Sleep disruption with frequent arousals and increased amounts of light non-REM sleep may increase the likelihood that PLMs will be expressed.
It is unlikely that peripheral neuropathy related to alcohol use is responsible for the association we observed. The association between PLMs and alcohol use was apparent in moderate alcohol users, and in sleep studies of rigorously diagnosed alcoholics, we have not found an increase in PLMs (Aldrich MS and Shipley JE, unpub-
